The first attempts to establish energy crops in the tropical region using short rotation species are premised on the utilization of clones for wood production. Therefore, the present study is aimed at examining the growth aspects (survival, diameter and tree height), leaf architecture (leaf area index [LAI], number and angle of the branches and sylleptic branches), biomass production, as well as biomass flow at the age of 24 months of two clones of Gmelina arborea in short rotation crops within three spacings (1.0x1.0 m, 0.75x0.75 m and 1.0x0.5 m). The results showed an increment with age, as the diameter increased from 3.00 cm at six months to 8.0 cm at 24 months, whereas the total height increased from 2.00 m at six months to 10.00 m at 24 months. Clone survival varied from 20 to 60 %, whereas the LAI, branch angle and sylleptic branches increased with age. The differences between clones appeared after 12 months. Biomass production was similar between clones, from 6 ton/ha at six months to 67 ton/ha at 24 months, with clone 2 showing greater biomass flow than clone 1. On the basis of biomass production results and the development of diameter as well as height, clone 1 is recommended for spacing 1.0x1.0 m and clone 2 for spacings 0.75x0.75 m and 1.0x0.5 m.
Introduction
The high prices of fossil fuels worldwide, in conjunction with increasing environmental problems, had facilitated the creation of policies to promulgate the use of renewable energy (Inglesi-Lotz, 2016) . In this sense, biomass had been an important renewable and environmentally-friendly source of energy (Pleguezuelo et al., 2015) . According to Cerda et al. (2008) , solid biomass includes woody biomass from short rotation systems (short rotation woody crops, SRWC) and residues coming from forests or forest plantations (such as cleaning and pruning residues), agricultural residues and residues from forest industries (sawdust, slabs, etc.) .
SRWC assume great significance because these are systems wherein fast growing tree species are cultivated under intensive agricultural practices in order to achieve high biomass yield (Pleguezuelo et al., 2015) . The SRWC had assumed importance in some countries of the European Union (Schulze et al., 2016) and in the United States (Djomo et al., 2015) . SRWC has also elicited an increasing amount of attention in Chile (Carmona et al., 2015) , Brazil as well as in some Central American countries (Cutz, et al., 2016; Salazar-Zeledón et al., 2015) . However, the establishment of SRWC had not been studied adequately .
In the context of Costa Rica, Tenorio et al. (2016 and reported the first findings from SRWC using Gmelina arborea trees (gambar in Asia and melina or gmelina in America), stating that the spacings 0.5x1.0 m (20 000 N/ha) and 1.0x1.0 m (10 000 N/ha), showed the highest production (ton/ha) during the first two years of growth and the best biomass characteristics as compared to the spacing 2.0x1.0 m (5000 N/ ha). These authors also pointed out that the site was a critical factor for biomass production and that the characteristics of trees growing under SRWC systems varied considerably from one year to another.
The development of clonal reforestation programs is a practical and effective strategy for increasing productivity of the plantations is (Li et al., 2017) . Various authors have studied the uses of clones in the establishing of SRWC whereas some of the most frequently utilized genera are Populus spp (Fang et al., 1999; Paris et al. 2011) , Salix spp (Stolarski et al., 2011) and Eucalyptus spp (Souza et al., 2015; Eufrade Junior et al., 2016) . A characteristic that is common to the development of clones of these species in SRWC was that these clones are sourced from reforestation programs that focus on wood production or pulp industries (Zamora et al., 2015) . After conducting a study for six years of Populus clones used for sawlog production but planted in SRWC, Fang et al. (1999) concluded that the most productive clones need to be resistant to diseases and insect pests, adjust to the site conditions, and plant techniques characterized by high competition caused by narrow spacing.
On the other hand, Gmelina arborea is a highly important species for commercial reforestation in tropical countries. In Central America, G. arborea grows in sites with divergent levels of precipitation and temperature as well as in soils with adequate calcium levels (Arguedas et al., 2018) . In the case of Costa Rica, G. arborea had been planted in a variety of sites, where tree growth rates currently allow for rotations less than 10 years (Vallejos et al., 2017) . Traditionally, G. arborea has been used to produce woods at densities ranging from 600-1200 N/ ha in order to obtain wood for the pallet market (Lansing, 2013) .
Currently, the development of programs for genetic improvement allows for the reduction of initial planting density down to 625 N/ha (Serrano and Moya, 2011) and obtains production levels above 30 m 3 ha -1 year -1 with rotations between six and eight years (Ávila-Arias et al., 2015) . These programs of commercial reforestation have a series of clones suitable for sawlogs, which, in turn, have focused on the development of the trees' morphological characteristics and the production in volume per hectare (Ávila-Arias et al., 2016 (Ávila-Arias et al., -2015 Murillo et al., 2018) . However, currently, there are no data on the use of these clones in narrow spacings as those used in SRWC for energy purposes.
Within this context, the objective of the present study was to evaluate survival, diameter at the tree base and the total height of trees, leaf area architecture (leaf area index [LAI], quantity and angle of the branches and sylleptic branches), leaf biomass production, and biomass production of two clones of Gmelina arborea for wood production during the first 24 months (of age) in SRWC systems at three spacings (1.0x1.0 m, 0.75x0.75 m and 1.0x0.5 m). On the basis of this information, we intended to identify the biomass production potential of two clones used in wood production, albeit evaluated in SRWC spacings.
Materials and Methods

Geographic location and conditions of the plantation
The work was conducted in an energy plantation of two clones of Gmelina arborea located in Santa Rosa of Pocosol, Alajuela, Costa Rica. The clones used in this plantation presented greater diameter growth and higher sawlog production when planted for wood production. Meanwhile the clones were derived from F1 selection of trees growing in fast-growth plantation located in the Northern part of Costa Rica, whereas the clonal selection was developed over the last ten years (Murillo et al., 2018) . Three types of spacings along with three repetitions were employed (1.0x1.0 m [10 000 N/ha], 0.75x0.75 m [17500 N/ha] and 1.0x0.5 m [20000 N/ha]) for each clone. Therefore, 18 experimental units were sampled (2 clones x 3 spacings x 3 repetitions = 18 experimental units). The area of each experimental unit was 200 m 2 , where 200, 355 and 400 trees were planted established for 1.0x1.0 m, 0.75x0.75 m and 1.0x0.5 m, respectively. The site where SWRC was established presents an average temperature between 22-25 °C, an annual average precipitation ranging between 2600 and 3500 mm/year, and a dry season between the month of January and April with almost 0 mm of precipitation. Meanwhile the soil texture was sandy loam to loam, whereas the color was dark yellow-brown. The soil is volcanic in origin with alluvial material overlying lateritic deposits (Krebs, 1975) .
Tree sampling in the plantation and sampling in the tree
The sampling took place at four different ages: 6, 12, 18 and 24 months. Firstly, at each age the quantity of trees (individual trees, not tillers) present in the experimental units were counted in order to determine the survival of each clone in different spacing conditions. Then, five trees were sampled in each experimental unit (2 clones x 3 spacings x 3 blocks x 5 trees = 90 trees), measuring diameter at 30 cm from the ground level and total height. Subsequently, the trees were cut at the ground level and the leaves were separated, thus leaving the trunk and the branches. In this condition, the total height, the total number of branches in the trunk, as well as the angles of five branches was measured. Each part of the tree (leaves, branches and trunk) was weighed independently using a 0.01 kg weighing scale. Next, six cross sections 10 cm long were cut at three different heights: two samples at the base of the tree, two samples at the total tree height and two samples at 50 % total tree height. Then, approximately 500 grams of leaves plus 500 grams of branches was taken from each one of the trees. The remaining material from the trunk was grinded in order to obtain pieces no bigger than 3mm long.
Determination of the leaf area index and branch characterization
The leaf area index (LAI) was determined by means of a nondestructive method, following the methodology proposed by Mason et al. (2012) . For this purpose, the leaves of the sampled trees of each clone were separated and weighed in green condition; subsequently, a 500 grams sample was taken from the crown and the leaves were then extended on a black surface, before beig photographed at 450 dpi to calculate the specific leaf area (SLA) and the ratio weight-SLA. Lastly, the LAI was calculated using the weight-SLA determined and multiplied by the total leaf weight of the sample tree.
With regard to the number of branches, this parameter was expressed as the quantity of branches per linear meter. However, branches (number, angle and types) are genetic traits that are directly related to wood production. Recently, an interesting study was conducted to study the traits of branches in trees growing in SRWC systems for increasing biomass yield (Alcorn et al., 2007; DeBell et al., 1996) . The branches of each tree were counted and the result was divided by the tree's total height. Concerning branch angles, the measurement was performed in the upper part of the individual's living crown (Weiss et al., 2004) . Five branches were randomly selected and the inside angle of each branch was measured using a digital 0.5° error triangle. Thereafter, the average per clone was obtained. Finally, the number of sylleptic branches per meter was estimated. Sylleptic branches appeared immediately in a lateral axis before the apical meristem had had a period of intermediate rest (Benomar et al., 2012) . Sylleptic branches were then visually determined and counted by sampling five branches of the upper crown; in this manner, the percentage of sylleptic branches was determined and this quantity was extrapolated as per linear meter based on the quantity of branches per meter in each clone.
Biomass determination and distribution
Firstly, the moisture content (MC) of the biomass was measured. The 500 grams sample of each one of these parts was used to determine the MC of the leaves and branches. Both samples were weighed in a green condition and placed into an oven at 103 °C for 24 hours, subsequent to which period the samples were weighed again. The MC was calculated by the ratio of water relative to the green weight (MC=100*[weight before drying -weight after drying]/weight before drying). In order to obtain the MC of the trunk and the bark, the 10 cm samples taken at three different heights, after separating the bark from the trunk. Both parts were dried in an oven at 103 °C for a period of 24 hours. The weight before and after drying was determined and then used to calculate the MC using the aforementioned percentage ratio. The quantity of biomass of the total trunk (Equation 1) was determined using the trunk MC and the trunk weight in green condition. Likewise, the weight of the totality of leaves and branches after drying was used to calculate the biomass of each part. The biomass of the trunk, leaves, and branches was used to calculate the distribution of the percentage of biomass for each part of the tree. Then, the biomass values were projected to calculate the biomass per hectare for each plantation spacing (1.0x1.0 m, 0.75x0.75m and 1.0x0.5 m).
Quantification of biomass by leaf fall patterns
Five trees were randomly selected in each experimental unit and a mesh approximately 1 m 2 was placed at the base of each tree, as a trap to collect the falling leaves. However, with an increase in the age of tree, it was necessary to expand the area of the leaf trap in order to collect all the falling leaves. Leaf collection was performed on a monthly basis. The leaves were dried in a kiln at 103 °C for 24 hours before being weighed. This weight represented the biomass eliminated by the tree in a month, or biomass flow. These values were not extrapolated to hectares because the tree mortality occurred during the year, which prevented the collection of precise data. Therefore, the value of biomass was maintained in grams/tree. Subsequently, the biomass flow in time was calculated for each month evaluated throughout the 24 months for each spacing, along with the amount of biomass in the four periods of evaluation: 6, 12, 18 and 24 months per spacing.
Statistical analysis
Compliance of the measured variables with the assumptions of the normal distribution, homogeneity of the variances, and the presence of outliers was verified. An analysis of variance was then applied in order to veryify the effect of the clone as well as the different planting spacings in each age at which the clones were evaluated. The clone, spacing and its interrelation, and the measured variables (diameter, height, MC, biomass of the different parts, LAI, number and angle of branches and sylleptic branches) as response variables were used as the model's independent variables. In addition, Tukey's test was used in order to determine the statistical differences between the means of the measured variables. The analysis of variance and Tukey's test was then performed using SAS software (SAS Institute Inc., Cary, NC).
Results and Discussion
Height and diameter growth Trees' diameter and height was found to increase with age ( Figure 1a-b ). Increments of tree diameter and height increments with age correspond to the normal development of the trees in their first years, since the tree grows to gain position in height first before starting to develop in diameter (Ryan and Yober, 1997) . Differences between the clones were observed at some ages and in most spacings for diameter. Interestingly, diameter in clone 1 was found to be higher than clone 2 in 1.0x1.0 m at 6 and 24 months and no statistical differences were observed between clones at 12 and 18 months within the same spacing (Figure 1a ). Clone 2 presented higher diameter than clone 1 for spacing of 0.75x0.75 m. Meanwhile in spacings 1.0x0.5 m, clone 2 showed a higher diameter than clone 1 at 12 and 18 months, but no statistical difference was found at 6 and 24 months (Figure 1a ). With respect to height, differences between the clones were observed in spacing 1.0x1.0 m at 6 and 18 months as well as in spacing 0.75x0.75 m at 6 and 24 months ( ) ( Figure 1b ). An improved development in diameter of clone 1 was observed at the ages of 6 and 24 months ( Figure 1a ), and in height at the ages of 6 and 18 months ( Figure 2b ) in spacing 1.0x1.0 m. Meanwhile clone 2 exhibited greater diameter (better development) in the closer spacings 0.75x0.75 m and 1.0x0.5 m at the ages of 12, 18 and 24 months (Figure 1a ). Although the below results can affirm that clone 1 is indeed adaptable for wider spacing and clone 2 for narrower spacing, it needs to be pointed out that the differences were influenced by survival ( Figure 1c ). In case of a high level of survival, the tree presented minor diameter and minor height.
The differences in diameter and height development of each clone in the various spacings were linked to the clone's ability to adapt to various conditions of competition (Zamora et al., 2015) . In this regard, DeBell et al. (1996) remarked that some clones are genetically prepared for more severe conditions of competition, as evidenced in the narrow spacings in clone 2 (0.75x0.75 m and 1.0x0.5 m). This clone probably developed physiological processes that were able to adapt better to the conditions of competition present within narrow spacings (Carmona et al., 2015) . On the other hand, clone 1 was physiologically more prepared for low competition, as in spacing 1.0 x 1.0 m, where it exhibited better height and diameter growth.
Survival/mortality
Importantly, lower tree survival was observed between 6 and 12 months for both clones. However, the level of survival of clone 1 was higher as compared to clone 2 for the three applied spacings (Figure 1c ). For this period as well as for clone 1, survival percentages of 76 %, 81 % and 61 % were observed, while the percentages were of 55 %, 58 % and 42 % for spacings 1.0x1.0 m, 0.75x0.75 m and 1.0x0.5 m, respectively for clone 2 (Figure 1c) . At 24 months, the percentage of survival of the trees concerning the initial planting density was of 64 %, 66 % and 53 % for clone 1, and of 46 %, 46 % and 37 % for clone 2, in spacings 1.0x1.0 m, 0.75x0.75 m and 1.0x0.5 m, respectively (Figure 1c ). The conditions of the soil in the site where the SRWC system was established produced high mortality, therefore tree survival was low (Figure 1c ), probably the tree needed for resources in the spacings applied (Paris et al, 2011) . Tree mortality can be explained by taking different aspects into consideration (Paris et al., 2011) . The first aspect was demand for resources. After establishing the plantation, the tree starts to grow until reaching the maximum resource availability the site can be supported after a given period (Onyekwelu et al., 2003) . However, the growth was limited once competition among the trees begins (DeBell et al., 1996) , subsequent to which, resource release through mortality occurred (Hall, 1994) . The second aspect was pertaining to the amount of resources in the soil, upon which tree survival depends on (Laureysens et al., 2004) . Competition was found to be greater in sites that lack the necessary resources for tree growth, which leads to the mortality of some individuals (Dillen et al., 2013) .
With regard to the percentage of survival of the clones, it was higher in clone 1 than in clone 2. Clone 1 was found more adaptale to survive in SRWC conditions, which was expected since some clones were genetically better suited for competing conditions (Zamora et al., 2015) . Despite this condition, survival was low in both clones, between 20 and 60 %, which probably implies that these clones were not appropriate for SRWC at the plantation's site. However, it does not necessarily mean that the same clones will exhibit better survival and production in other sites. According to Dillen et al. (2013) , breeding and selection for SRC is a complex process; in addition to seeking fast growth rates, also importance is also attached to sustaining biomass yields and an ability to survive. Meanwhile the other traits that are usually considered in breeding programs for biomass bioenergy production include the ability to coppice, wood composition (lignin), and elemental content, among others biomass characteristics (Li et al., 2017) .
The results of the present study were found to be similar to those of other studies in other regions of Costa Rica. To illustrate, Tenorio et al. (2019) reported a survival percentage between 60 and 77 % after reaching the age of two years, which was similar to the values found for clone 1 (Figure 1c) . The same authors pointed out that the site's fertility was important for the establishment of the SRWC of G. arborea since some of the sites analyzed in Costa Rica showed a survival rate of 95 % towing to good site conditions. Crown characteristics: Leaf area index, leaf biomass and branch characterization (frequency and biomass of total branches and sylleptic branches) As expected, the LAI per tree increased with age, with clone 2showing higher values than clone 1 (Figure 2a ), except at six months in spacings 1.0x1.0 m, where no differences were observed between the clones (Figure 2a ). Figure 2b shows clearly the difference in color of the crown of the clones in each block. The crowns in clone 2 are more intensely colored than the crowns in clone 1. (Table 1) , it increased with age in the widest spacing (1.0x1.0 m). In spacing 0.75x0.75 m, the branch angles kept stable at 54° between 6 and 18 months, increasing to approximately 58° at the age of 24 months. Up to the age of 12 months, the branch angles remained stable in the spacing 1.0x0.5 m, revealing a tendency to decrease as the age increases. After 12 months, the branch angles showed a decrease as the spacing diminished, with greater changes being observed with an increase in the age of plantation. Differences between clones regarding branch angle were observed only in spacing 0.75x0.75 m at 12 months and in spacing 1.0x1.0 m at the age of 24 months (Table 1) .
Regarding branch angle
As for branch frequency per meter at 24 months a slight increment occurred in the quantity of branches, especially in spacings 0.75x0.75 m and 1.0x0.5 m, without evidence of statistical differences between clone 1 and clone 2 (Table 1) . With regard to sylleptic branches, a slight increase in frequency was observed with an increase in age, along with some differences between the clones: clone 1 presented higher quantity of sylleptic branches at the age of six months and in spacing 1.0x1.0 m, whereas at 6, 12 and 18 months in spacing 1.0x0.5 m, the frequency of sylleptic branches was found to be lower in clone 1 (Table 1) . Likewise, the frequency of sylleptic branches lowered with decreasing spacing at the different ages in clone 1 as well as in clone 2.
Leaf and branch biomass (ton/ha) increased with an increasing age of plantation as well as with decreasing spacing between trees. In terms of the differences between clones, clone 2 showed higher leaf biomass values at six months in spacing 0.75x0.75 m and 1.0x0.5 m, and at 12 months in spacing 0.75x0.75 m (Table 1) , while no statistical differences were observed between the clones in the rest of the conditions. Regarding branch biomass (ton/ha), differences were observed at in the age of six months in spacing 0.75x0.75 m, where clone 1 showed the highest biomass value, at 12 months in spacings 0.75x0.75 m and 1.0x0.5 m, and at 24 months in all spacings, where clone 2 exhibited the highest statistical biomass values ( Table 1) .
The crown parameters evaluated (LAI and branch characteristics) are attributed to the age of the plantation, the spacing, and the clone type, particularly at the onset of competition among trees after the age of six months (Table 1, Figure 2) . These results agreed with the reports found in Benomar et al. (2012) , Alcorn et al. (2007) and Henskens et al. (2001) . Notably, Benomar et al. (2012) and Roeh and Maguire (1997) suggested that the structure, shape and abundance of the crown occurred in the tree as a direct effect of the its ability and efficiency to use the light, which was related to the age of the tree, space between trees, and the genetic disposition of the tree to these two factors.
SRWC's productivity was determined by light interception and the efficient use of radiation to produced biomass (Schwerz et al., 2019) . In turn, the ability of the crop to intercept radiation was determined by its photosynthetic area, usually evaluated by means of the LAI, which was directly related to biomass production in plantations (Taylor et al., 2001) . This confirms the increased leaf biomass production as the LAI increases with age (Table 1) and an increase in the amount of leaf biomass in clone 2, where LAI is greater (Figure 3a) , especially in wider spacings ( Table 2) .
The architecture, distribution, and biomass of the branches was primarily influenced by age and spacing (Table 1) , which was confirmed in several species planted in SRWC systems (Alcorn et al., 2007; DeBell et al., 1996; Henskens et al., 2001) . Tree canopy characteristics determine the ability to capture light and perform photosynthesis so as to convert these resources into biomass (Roeh and Maguire, 1997; Wang and Jarvis, 1990) . The differences in branch angles between spacings appeared after a period of 12 months; the branches developed normally in the absence of competition at early ages, but change in the crown architecture occurred when the competition begins (Benomar et al., 2012; Hegazy et al., 2008) . With narrow spacing, the trees soon started to compete, as a result of which the branch angles diminished in search of heightened light interception (Benomar et al., 2012) .
Figure 2
Leaf area variation per tree, per age and spacing (a) and aerial aspect of the experimental units of the two clones of Gmelina arborea growing in a short rotation system at the age of 18 months (b).
Note: Different letters indicate statistical differences at 95 % of confidence between spacings. However, no differences were observed between the clones regarding branch angles or branch frequency (Table 1) , whereas differences did show with regard to the frequency of sylleptic branches (Table 1 ) and branch biomass ( Table 1) . The variation in the angle and frequency of branches is a strategy of the tree to optimize leaf development, thus increasing the tree's synthesis capacity to overcome the competition created by the spacing (Benomar et al., 2012) . This is a sample of the plasticity of these parameters to achieve greater light capture efficiency (Ceulemans et al., 1990) . With regard to this behavior, both types of clones were similar.
The weight increase of leaf biomass resulted from the need of the tree for greater light interception capacity as it ages and as the spacing diminishes, also due to increased disposition for biomass production (Benomar et al., 2012) . However, the differences in leaf biomass quantity tended to disappear as the tree aged (Table 1) . According to several reports on SRWC, leaf biomass decreased as the availability of nitrogen diminished in the soil (Hegazy et al., 2008) , which could happen between the age of 18 and 24 months as this nutrient probably becomes exhausted. Initially, at a period of six to 12 months, the soil offered fertility to potentiate the characteristics of each clone, as was the case with clone 2, which exhibited greater biomass at those ages (Table 1) .
Biomass production
With regard to trunk biomass (ton/ha), differences between the clones were only observed in spacing 1.0x1.0 m at 18 months, where clone 1 denoted the highest average values (Figure 3) . In terms of bark biomass, the differences between clones appeared at 12 and 18 months in spacing 1.0x1.0 m and at 24 months in spacing 1.0x0.5 m, where clone 1 was shown to have the highest values. For total biomass, differences were observed only at 18 months in spacing 1.0x1.0 m, whereas clone 1 had the highest values. Clone 2 exhibited the highest amount of biomass in spacing 0.75x0.75 m (Figure 3) .
The average biomass production of the clones (Figure 3 ) in the SRWC can be compared to the reports for G. arborea in Costa Rica. Tenorio et al. (2018 Tenorio et al. ( -2019 reported a total biomass of between 25 and 65 ton/ha at the age of two years, with similar behavior relative to spacing.
An important aspect of SRWC, specifically the clones of G. arborea, was the biomass production in short spans of time (Zamora et al., 2015) . According to several studies conducted in Latin America, an adequate biomass production at the age of two years in species in SRWC can range between 10 and 60 ton /ha Cabrera et al., 2016; Carmona et al., 2015) . Therefore, based on the results of the clones of G. arborea commonly used for wood production but planted in SRWC in different spacings (Figure 3) , the production can be deemed optimum, despite the relatively low tree survival in the system. Table 1 Branch angles and frequency and sylleptic branches frequency in trees of two clones of Gmelina arborea per age and spacing in short rotation systems.
Figure 3
Average per tree piece per age and spacing in two clones of Gmelina arborea growing in a short rotation system.
Note: values in parentheses correspond to the coefficient of variation and different letters indicate statistical differences at 95 % of confidence between spacings. Another important factor to highlight comprises of the few differences found in the biomass both in the total production, in the biomass of the different parts of trees, and at the different ages between the two clones ( Figure 3 ). This behavior was contradictory when compared to the results of diameter development and tree height, because each clone was shown to behave differently in different spacings. Clone 1 showed appropriate productions and dasometric traits of tree for wider spacings (1.0x1.0 m) and clone 2 for narrow spacings (0.75x0.75 m and 1.0x0.5 m), which could suggest a greater production of total biomass of each clone in these spacings, something that did not occur. Importantly, the biomass values showed a very high coefficient of variation, mainly at older ages (Figure 3) , which influenced the differences found between the clones (Wu et al., 2008) .
As indicated in the results, in addition to height and diameter development, survival were also important when using clones. Survival was seen to influence the scarce differences found between the clones in different spacings (Figure 3) , since in the case of narrow spacings (0.75x0.75 m and 1.0x0.5 m), trees tended to present better diameter development (Table  1) , albeit with low survival (Figure 2c) . Therefore, the height and diameter development reached by clone 2 trees in those spacings was attributed to the lower survival. Therefore, survival is an indication that some clones are genetically better suited to the conditions of competition than others (Zamora et al., 2015) .
Quantification of biomass by leaf fall patterns
Biomass flow through leaf fall, measured individually per tree, showed a variation with tree aging, time of the year, spacing, and type of clone (Figure 4a-c) . The amount of biomass per tree increased with age in the three spacings (Figure 4d ). However, there was a variation (during the year) in these three spacings; at the end of year one, the tree reached the highest biomass elimination as the leaves fell off. After this point, biomass per leaf fall declined until the month of January, when it began to increase again until reaching a maximum point in the months of April-May (months 21-23). Then biomass per leaf fall decreased again until the 24 th month (June).
The behavior of biomass flow in the form of leaf fall is explained by the levels of rainfall reached during the year (Wright and Cornejo, 1990) . This, in turn, explains the importance of knowing the distribution of precipitation in the region where these clones were planted. The months with the highest amount of precipitation begin from the second week of May continuing until August; a slight rainfall decrease follows from September to October, increasing slightly again in December. There is hardly any rainfall between January and the first week of May (Moya and Tomazello, 2008) . During the first year, the biomass flow seems to be uninfluenced by precipitation, due to the dry period (Man et al., 2015) . In this trial, a slight inflection point or change in the trend occurred in leaf fall during the dry months (March to May) of the first year in all spacings (Figure 4a-c). Nevertheless, a constant decrease in biomass was observed in the second year, due to leaf fall, after the commencement of the dry period (after May the first year). The maximum biomass per leaf fall occurred in the second month after the rainy period started (July), when the maximum growth in Gmelina trees in Costa Rica occurred (Moya and Tomazello, 2009 ). The knowledge of biomass by leaf fall patterns across time and in different ages assumes significance because it can establish the sustainability of biomass production or an adequate balance of nutrients in the soil where SRWCs were planted (Griffiths et al., 2019) . Although this study observed the biomass by leaf fall patterns, it did not cover the analysis of the nutrient composition of this leaf, which can help ascertain the types of nutrients that are returned to the soil. Hence, knowledge of the composition of biomass in the soil will help us establish the balance in the different ages of G. arborea in SRWC systems.
The spacings showed an irregular biomass flow behavior. The widest spacing (1.0x1.0 m) exhibited higher biomass elimination by leaf fall after the age of six months, while the narrow spacing (1.0x0.5 m) showed greater biomass elimination due to leaf fall as compared to spacing 0.75x0.75 m (Figure 4d ). This trend was observed during the period between 6 and 24 months (Figure 4a-c) . To reiterate, nutritional sustainability can be improved with wider spacing because the biomass was found to be higher than narrow spacing.
Differing behaviors regarding spacing were observed in the two clones studied. With the widest spacing (1.0x1.0 m), clone 1 showed values that were slightly above those of clone 2 after seven months, until the plantation was harvested (Figure 4a). However, in the closer spacings (0.75x0.75 m and 1.0x0.5 m), clone 2 presented values higher than clone 1 for the mentioned period (Figure 4b-c ). This behavior was confirmed in the analysis of spacings per age. At the age of six months, there was no difference between clones in different spacings, but at 12, 18 and 24 months, clone 1 did exhibit biomass loss per tree statistically higher than clone 2 in spacing 1.0x1.0 m. Clone 2 shows that the biomass loss values are statistically greater than clone 1 in spacings 0.75x0.75 m and 1.0x0.5 m (Figure 4d ). In turn, this behavior confirms the previous observation in the sense that clone 1 seems to be optimum for wide spacings and clone 2 for narrow spacings. Based on these results, the genotypes 1 of G. arborea was found to be better for nutritional sustainability in wider spacing and clone 2 can be better in narrow spacing,
Conclusion
According to the aforementioned results derived from the first rotation trial, the trees of both clones -commonly used for the production of wood, but planted in this trial under the SRWC system-showed relevant results biomass yield in the spacings of 1.0x1.0 m, 0.75x0.75 m 1.0x0.5 m under the conditions of the site studied. This spacing allowed diameter and height development and biomass production values to be comparable to the values obtained for other species under better site conditions. Both clones were studied, which are oriented to G. arborea wood production, although they were used here in a SRWC system to present the differences between the spacings. Clone 2 shows a better performance in diameter and height in closer spacings (0.75x0.75 m and 1.0x0.5 m), due to greater crown development. However, the yield biomass was found to be lowest, whereas clone 1 performed better in wider spacings (1.0x1.0 m), again due to superior crown development in this spacing with higher yield biomass.
Figure 4
Biomass flow per tree during the two years of the plantation in spacings 1.0x1.0 m (a), 0.75x0.75 m (b), 1.0x0.5 m (c), and total biomass per tree per age per spacing (d).
Note: values in parentheses correspond to the coefficient of variation and different letters indicate statistical differences at 95 % of confidence between spacings.
